A phenotypic study has been carried out on six moderately halophilic gram-positive nonmotile cocci isolated from ponds of a saltern located in Huelva, Spain. These strains were examined for 150 morphological, physiological, biochemical, and nutritional traits and showed phenotypic characteristics similar to those of Nesterenkonia halobia (formerly Micrococcus halobius). The guanine-plus-cytosine (G+ C) content of their DNA ranged between 70 and 72 mol%, values quite similar to those described for N. halobia (71.5 mol%). The 16s rDNA sequence analysis of one representative isolate showed that it is phylogenetically quite close to N. halobia, within the high-G+ C-content gram-positive branch. DNA-DNA hybridization experiments showed a high degree of homology (72 to 100%) among the six isolates and the type strain N. halobia ATCC 21727. All data demonstrate quite clearly that the six isolates are members of the species N. halobia. Since this species was described on the basis of a single strain isolated from unrefined solar salt, and its description is not complete (especially in the utilization of different compounds), our study contributes to a better description of the moderate halophile N. halobia.
Moderately halophilic bacteria are microorganisms able to grow optimally in media containing 3 to 15% (wt/vol) salts (7). With respect to their taxonomic distribution, this group is very heterogeneous and includes a great variety of species belonging to Archaea (13, 21, 35, 36) and Bacteria (27) . Within the moderately halophilic heterotrophic bacteria, the gram-positive microorganisms have been studied in less detail than the gram-negative group, which is more abundant in hypersaline environments. Until now only six moderately halophilic grampositive cocci have been recognized as valid species (3, 25, 26, 28, 29) . It has been shown that the majority of moderately halophilic gram-positive cocci isolated from several hypersaline habitats are motile, with Marinococcus halophilus being the predominant organism (12, 31) ; nonmotile species are less common (26, 28, 29, 31, 32) .
Nestercnkonia halobia is a moderately halophilic gram-positive nonmotile coccus that was isolated from unrefined solar salt of unknown origin obtained from Noda, Japan, and described originally as Micrococcus halobius by Onishi and Kamekura ( 17) . This bacterium produces an extracellular amylase which depends on divalent cations and a high concentration of NaCl or KCl for activity and stability (16).
Since its description in 1972 (17), very few studies have been carried out on this species. determined the fatty acid composition of M. halobius, showing that the predominant fatty acid of this organism was the branched anteiso-C,,,,; elevated amounts of anteiso-C,,,, were also present. In 1994, Koch et al. (6) analyzed the 16s ribosomal DNA (rDNA) sequence of M. halobius and showed that this species did not group phylogenetically with the type species of the genus Micrococcus, M. luteus. Lately, Stackebrandt et al. (26) carried out a phylogenetic and chemotaxonomic analysis of the genus Micrococcus and confirmed the results previously obtained by Koch et al. (6) . They proposed the inclusion of M. halobius in the new genus Nesterenkonia, as N. halobia. The description of this species is based on a single strain, which has not been characterized in detail (17, 26) .
In the present work we have isolated and characterized in depth six cocci from hypersaline habitats. Their phenotypic features and DNA base composition were very similar to those described for N. halobia (26). In addition, DNA-DNA hybridization experiments were carried out to examine the relatedness of the isolates to each other, as well as to N. halobia and to other gram-positive moderately halophilic cocci described. Moreover, almost the complete 16s rDNA sequence of strain RH-59 was determined and compared with those of known species available from databases. The data presented clearly indicate that the six strains studied can be assigned to the species N. halobia.
MATERIALS AND METHODS
Organisms and growth conditions. The six strains studied were isolated from ponds of a saltern located in Huelva, in southwestern Spain. The isolation medium and the methodology which we used have been described previously (31). The following reference strains were used for comparative purposes: N. halobia ATCC 21727T, Halobacillus halophilus DSM 2266*, M. halophilus CCM 2706T, Marinococcus albus CCM 3517T, Salinicoccus roseus CCM 3516T, and Salinicoccus hispanicus CCM 4148*.
The strains were cultivated in complex medium containing 8.1% (wt/vol) NaCI, 0.7% (wt/vol) MgCI,, 0.96% (wthol) MgS04, 0.036% (wthol) CaCI,, 0.2% (wt/vol) KCI, 0.006% (wt/vol) NaHCO,, 0.0026% (wt/vol) NaBr, 1.0% (wthol) yeast extract (Difco Laboratories, Detroit, Mich.), 0.5% (wt/vol) Proteose Peptone no. 3 (Difco), and 0.1% (wt/vol) glucose (30). The pH was adjusted to 7.5 with 1 M KOH. When required, the medium was solidified with 2.0% (wt/vol) Bacto Agar (Difco). Phenotypic characterization. Tests for 55 characteristics, including morphological, cultural, physiological, and biochemical features, were carried out (see Table 1 ). The methodology used has been described previously (2, 22, 30) . Nutritional tests were performed with the Biolog (Hayward, Calif.) automatic identification system. Strains were grown on complex medium at 37°C for 24 h and suspended in a sterile solution of 10% (wt/vol) salts (30). Cell density was adjusted to an A590 of 0.34 to 0.39 with a Biolog photometer, model 21101. Immediately after the cells were suspended in the salt solution, the suspensions were transferred into sterile multichannel pipette reservoirs and the Biolog GP Microplates were inoculated with 125 ~1 of the cell suspension per well by means of an eight-channel repeating pipette. The inoculated Biolog plates were incubated at 37°C for 24 h and the results were read with a Microplate Reader by using MicroLog 3.50 computer software to perform automated reading.
DNA extraction and purification. All strains studied were harvested, washed, suspended in 0.15 M NaCI-0.1 M EDTA buffer (pH 8.0) (5 g [wet weight] in 50 ml of buffer), and lysed with lysozyme (approximately 10 mg) at 37°C and with sodium dodecyl sulfate at a final concentration of 2% (wt/vol) at 60°C. The DNA 
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All strains were gram-positive nonmotile cocci, yellow pigmented, non-spore forming, and strict aerobes. They grew in media containing 3 to 25% (wt/vol) salts, with the optimum at 10% (wt/vol) salts; none grew without salts. Optimum temperature for growth was 37"C, and the strains grew at 20 to 40°C. The pH range for growth was 5.0 to 10.0, with an optimum at pH 7.0 to 7.5.
was extracted and purified by the method of Marmur (9). The purity was assessed from the A,&i280 and A2,0/A230 extinction ratios (4). DNA base composition. The guanine-plus-cytosine content of the DNA was determined from the midpoint value of the thermal denaturation profile (10) obtained with a model UV-Vis 551s spectrophotometer (Perkin-Elmer Corp., Norwalk, Conn.) at 260 nm; this instrument was programmed for temperature increases of l.O"C/min. The G + C content was calculated from the thermal denaturation temperature by using the equation of Owen and Hill (18) . The G+C content of reference DNA from Escherichia coli NCTC 9001 was taken to be 51 mol? (19) .
Preparation of 3H-labeled DNA and DNA-DNA hybridization experiments. DNA was radioactively labeled by the multiprime system with a commercial kit (RPN 1601Y; Amersham International, Amersham, England) by using [1',2',5-3H]dCTP (Amersham). The average specific activity obtained with this procedure was 8.8 X lo6 cpm/pg of DNA. The labeled DNA was denatured before hybridization by being heated at 100°C for 5 min and then placed on ice. DNA-DNA similarity was studied by the competition procedure described by Johnson (4) . Competitor DNAs were sonicated (Braun Melsungen, Melsungen, Germany) at 50 W for two 15-s periods. Membrane filters (HAHY; Millipore Corp., Bedford, Mass.) containing reference DNA (ca. 25 pg cm-,) were placed in 5-ml screw-cap vials which contained the labeled, sheared, denatured DNA and the denatured and sheared competitor DNA. The ratio of the concentration of competitor DNA to the concentration of labeled DNA was at least 150:1. The final reaction concentrations were 2X SSC (1 X SSC is 0.15 M NaCl plus 0.015 M sodium citrate) and 30% formamide, and the final volume was 140 p1. The hybridization experiments were carried out under optimal conditions, with temperatures ranging between 62.5 and 62.8"C, which is within the limits of validity for the filter method (1). The vials were shaken slightly for 18 h in a water bath (Grant Instruments, Cambridge, England); these procedures were carried out in triplicate. After hybridization the filters were measured with a liquid scintillation counter (Beckman Instruments, Inc., Palo Alto, Calif.), and the percentage of homology was calculated as described by Johnson (4) . At least two independent determinations were carried out for each experiment, and the mean values are reported here.
Amino acid composition of the cell wall. Isolation of the cell wall fractions and preparation of the hydrolysates of the cell walls were carried out according to the method of Schleifer (24) . To determine the qualitative amino acid composition of the purified cell walls, the partial acid hydrolysates were spotted onto Schleicher & Schuell2043b paper in two-dimensional descending paper chromatography. An isopropanol-acetic acid-water (70: 10:15, vol/vol) solvent system was applied in the direction of the machine and cw-picoline-25% ammonium hydroxide-water (70:2:28, vol/vol) solvent was applied in the other direction. Chromatograms were sprayed with ninhydrin and heated at 100°C for 5 to 10 min.
Isolation of genomic DNA and 16s rDNA sequence analysis. Genomic DNA isolation of strain RH-59, chosen as the representative strain of our isolates, PCR amplification of the 16s rRNA gene, and direct determination of the PCRamplified 16s rDNA sequences were carried out by methods that have been described previously in detail (14) .
For data entry, editing, sequence alignment, secondary structure comparison, similarity matrix generation, and dendrogram constructions for 16s rRNA data, we used a program set written in Microsoft Quick BASIC for use on IBM PC-AT and compatible computers (20). A similarity matrix was constructed from the aligned sequences by using only those positions for which 90% of the strains had data. The similarity matrix was corrected for multiple base changes at single positions by the method of Jukes and Cantor (5). The phylogenetic tree was constructed by the neighbor-joining method of Saitou and Nei (23) .
Nucleotide sequence accession numbers. The newly determined sequence of the 16s rRNA gene of strain 
RESULTS AND DISCUSSION
The six strains isolated showed morphological, physiological, biochemical, and nutritional characteristics similar to those described for N. halubia (17). The description of this species is based on the results obtained for a single strain on which a limited number of phenotypic tests were performed. The phenotypic features of our isolates, as well as those of the type strain N. halubia ATCC 21727, obtained in this study are summarized in Table 1 . Of the total of 150 tests performed, only 38 characteristics were described by Onishi and Kamekura (17) for N. halubia. In 29 tests their results were similar to ours; in the other 9 common tests, however, we found differences between the results reported by Onishi and Kamekura (17) for N. halobia ATCC 21727T and those obtained with our isolates. The results obtained in this study for the type strain of N. halubia were similar to those obtained for the majority of the fresh isolates.
With respect to the data reported by Onishi and Kamekura (17) for N. halubia ATCC 21727T and those obtained in this study for this reference strain, differences were observed in acid production from galactose, glycerol, lactose, maltose, mannitol, and sucrose; Voges-Proskauer and Simmons citrate tests; and hydrolysis of gelatin. 100  79  85  81  80  84  94  32  22  0  36  33   73  72  100  95  90  98  100  100  100  100  98  92  92  83  0  25  17  18  0  2  19  17  29  4 Data from references 3, 25, 28, and 29. 
* Data for species other than N. halobia are from references 3, 25, 28, and 29. ND, not determined; MK-9, -8, -7, and -6, menaquinone with 9, 8, 7 and 6 isoprene units, respectively (26); rn-Dpm, rneso-diaminopimelic acid.
The DNA base composition of our isolates is shown in Table  2 . The range obtained for the six isolates (70.4 to 72.0 mol%) includes the value reported for N. halobia (71.5 mol%) (17) and is very different from those described for H. halophilus (40 to 40.9 mol%) (25), M. halophilus (44.9 to 46.6 mol%), M. albus (43 to 44.9 mol%) (3), S. roseus (51.2 mol%) (28), and S.
hispanicus (45.6 to 49.3 mol%) (11). The results of the DNA-DNA hybridization experiments are also presented in Table 2 . The DNA relatedness experiments show a high degree of homology between the six isolates and the type strain of N. halobia, ranging from 72 to 100%. Since it is generally accepted that among strains of the same species the levels of DNA homology should be equal to or greater than 70% (19,33) , on the basis of DNA relatedness results, our isolates and the type strain N. halubia ATCC 21727 constitute a genospecies. On the other hand, low levels of DNA homology (0 to 29%) were obtained between the two 3H-labeled representative strains and all other gram-positive moderately halophilic cocci studied.
The cell wall analysis of the six isolates showed that they contained murein of L-LYS-G~Y-L-G~U type, variation A4a. This murein type is the same that has been found in N. halobia (26). These results were confirmed by Weiss (34). Table 3 shows the phenotypic characteristics useful for the differentiation of N. halubia from other gram-positive moderately halophilic cocci previously described.
We determined almost the complete 16s rRNA gene sequence of isolate RH-59 (positions 16 to 321 and 362 to 1362; E. coli 16s rRNA gene sequence numbering). That sequence was compared with more than 4,000 16s rRNA/rDNA sequences deposited in the databases (8). The sequence of strain RH-59 presents the highest level of similarity with the 16s rRNA sequence of N. halobia (99.1%). However, 16s rRNA/ rDNA sequence similarities equal to or lower than 95.6% were obtained between strain RH-59 and the other species included in the gram-positive phylum. The 16s rRNA/rDNA sequence similarity between strain RH-59 and other previously described moderately halophilic gram-positive cocci was also very low: 81.9% for S. roseus, 81.2% for M. albus, and 81.1% for M. halophilus and H. halophilus. Figure 1 shows the general structure of a phylogenetic tree obtained from the similarity matrix. Strain RH-59 and N. halobia constituted a cluster clearly separated from other species of the genera Micrococcus, Arthrobacter, and Kocuria, in agreement with the study of Stackebrandt et al. (26) . Our phylogenetic analysis agrees with the DNA homology study and, overall, our results clearly show that our isolates are phylogenetically and genotypically closely related to the species N. halobia.
Taken together, the data present clear evidence that the six strains isolated from hypersaline habitats should be classified within the species N. hulobiu. Thus, this work contributes to a more complete description of this species, especially with respect to their nutritional capabilities. Besides, since its original description was based on a single strain isolated from a salt sample, and thus its natural habitat is unknown, our study shows that although this species does not constitute a high proportion of the microbial population of salterns, it is found in this hypersaline environment.
